Abstract
Introduction
Minerals are essential micronutrients for growth, development, and maintenance of healthy tissues. However, it has been reported that both in developed and developing countries there are a large part of lactating women did not meet the recommended mineral intake [1] . The long term insufficient intake of minerals may lead to bone demineralization, weaken the hemopoietic system and even life-threatening consequences [2] . In addition, some studies revealed that nursing mothers with mineral deficiency were more at risk to have low minerals' contents in their breast-milk, which might affect early development of infants [3] .
In China, a prevalent cultural practice in post-partum which includes a series of prescribed behaviors is adopted for the consideration of convalescence. The practice defined lots of "should do" activities, such as eating certain foods (the diet contains lots of poultry meat, eggs, and red sugar) and a number of "should not do" behaviors, such as bathing, lifting heavy objects and doing outdoor activities [4] . Although several studies have reported some foods in this practice are good for certain aspects of women's recovery [5] , one study in rural China suggested such a dietary pattern might lead to an insufficient intake of calcium during lactation [6] . For other minerals, whether the Chinese food habits during lactation can meet basic daily requirements or not are still unknown. In addition, food source and mineral to mineral interaction were directly related to the absorption of certain minerals [7] . Chinese traditional diet pattern was plant-based, which might influence the bioavailability of iron, calcium and zinc in the diet [7] . The ratios of certain minerals intake like calcium and phosphorus are also proved to can affect the bioavailability of calcium and even lead to health consequence [8] [9] [10] . This study was designed to measure the minerals' intakes during lactation, to explore the dietary sources of minerals, and the ratios between different minerals.
Materials and Methods Subjects
This study is part of the Maternal Infant Nutrition and Growth Study (MING Study) which is a cross-sectional survey carried out in 8 Chinese cities from August of 2011 to March of 2012. Studied lactating women were selected from 3 of the 8 cities (Beijing, Suzhou and Guangzhou) using a purposive sampling method (Beijing, Suzhou and Guangzhou were located in the north, middle and south of China respectively). One hospital and one community based maternal and child health care center were randomly selected in each city through a computer-generated hospitals list. Participants in each lactation stages were convenient recruited according to their visiting time until the number of participants satisfied the sample size. Finally 468 lactating women (Beijing, N = 168; Suzhou, N = 150 and Guangzhou, N = 150) during 5-240days post-partum (5-11days, N = 38; 12-30days, N = 90, 31-60days, N = 60, 61-120days, N = 100, 121-180days, N = 90 and 181-240-days, N = 90) were qualified and volunteered to participated in this study. The women were included with the following criteria: at the age of 18-45 years old, without metabolic diseases (diabetes, hypertension, hyperthyroidism and hypothyroidism), without using any hormone in recent three months and gave birth to a healthy full-term infant. The women who had post-partum depression were excluded. The women in 0-4 days post-partum were not involved in this study in order to minimize the influence on food intake by labor and hospital diet.
Data collection
Data were collected from lactating women by trained interviewers using an interviewer-administered questionnaire with regard to demographic factors. Training of the interviewers, initial site survey, and preliminary questionnaire testing were completed prior to data collection. One time 24-hour dietary recall was used to obtain the data of food intake. The standard bowls, plates and spoons were used for helping quantification of food consumption. Mineral compositions including calcium (Ca), phosphorus (P), potassium (K), sodium (Na), magnesium (Mg), iron (Fe), zinc (Zn), selenium (Se), copper (Cu) and manganese (Mn) and their dietary sources were analyzed based on the Chinese Food Composition Table second edition and the nutrient composition table on the food packaging [11] . The average intake amounts of the following foods in the previous 6 months were also estimated using semi-quantitative food frequency questionnaire: 1) grains, 2) vegetables, 3) fruits, 4) meat, 5) fish and shrimps, 6) eggs, 7) legumes, 8) nuts, 9) fats, and oils.
Weight and height were measured and used to calculate body mass index (BMI). BMI<18.5, 18.5-23.9, 24-27.9 and !28kg/m 2 were considered as underweight, normal weight, over weight and obesity respectively according to Chinese BMI standard.
Statistics
SPSS version 20.0 (SPSS Inc., Chicago, IL, USA) was used for analysis. Minerals intakes were compared with Chinese Dietary Reference Intakes (DRIs, 2013) [12] . The food average intakes were compared with the recommended daily food intake based on the Chinese balanced dietary pagoda [13] . Normality was tested for each data before analysis. Values were presented as Mean ± SD, Median (25 th ,75 th ) or percentage. ANOVA and Chi-square analysis were used to compare demographic characters among women in different cities. Linear regression (with Enter method) was used to explore the potential factors(living cities, productive age, delivery ways, education experience and BMI) associated with minerals intake. Statistically significant difference in this study was set to P value <0.05.
Ethics
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human participants were approved by the Medical Ethics Research Board of Peking University (NO.IRB00001052-11042). Written informed consent was obtained from all patients.
Results

Basic information
A total of 468 women in the 5-240days post-partum participated in the study. The demographic characteristics of lactating women among three cities were shown (Table 1) . Lactating women in Beijing had a higher age, BMI and caesarean section rate, while had a higher education experience comparing with women in Suzhou and Guangzhou.
Dietary intake
Compared with the recommendation of Chinese Balanced Dietary Pagoda, only a small proportion of women could consume appropriate amount of each group of food, especially for dairy products and salt (Table 2) . each food group are defined as:<350g, 350~450g, and >450g for grains; <300g, 300~500g, and >500g for vegetables; <200g, 200~400g, and >400g for fruits; <200g, 200~300g, and >300g for meat, fish and eggs; <300g, 300~500g, and >500g for dairy products; <40g, 40~60g, and >60g for legumes and nuts; <25g, 25~30g, and >30g for oils. For salt, 6g defined as appropriate intake, while >6g defined as high intake. Nutrients intake
Compared to recommendation in DRIs, insufficient intake and excessive intake of nutrients were both shown in the sampled subjects (Table 3 ). More than 50% of women insufficient intake of Ca, Mg and Se, while over 90% of women excessive intake of Na. The calcium-phosphorus (Ca/P) ratio in this study was 0.41±0.26/1 and the sodium-potassium (Na/K) ratio was 3.13±2.89/1.
Source of minerals
For the dietary source of minerals, the study indicated that most of Ca intake was plant food, only a small proportion of Ca was from nutrient supplements and fortified food and 25.3% and 38.0% of dietary Fe and Zn respectively were obtained from animal origin (Fig 1) . Additionally, a great part of P was in its inorganic form, and the phosphorus-protein (P/Pro) ratio was 0.014 ±0.003/1 (the average daily protein intake by this population was 78.9 ± 46.2g).
Factors effect on nutrients intake
Factors might affect minerals intake were analyzed by linear regression model. Variables of areas defined as 1 = Beijing, 2 = Guangzhou, and 3 = Suzhou; lactation stages defined as 1 = 5-11days, 2 = 12-30days, 3 = 31-60days,4 = 61-120days, and 5 = 121-240days; age defined as 1 = under 25y, 2 = 25-29.9y, and 3 = 30y or above; BMI defined as 1 = underweight, 2 = normal weight, 3 = overweight and 4 = obesity; delivery ways defined as 1 = vaginal delivery and 2 = ceasarean section and education experience defined as 1 = senior high school or under, 2 = bachelor degree, and 3 = master degree or above. Area differences were showed in Ca, K, Mg, Fe and Cu; while Ca, P, K, Mg, Zn, Cu and Mn were showed had time differences. Education experience were linear associated with minerals intakes of Ca, P, K, Fe and Zn. Productive age, obesity or not and delivery ways were not associated with minerals intakes (Table 4) . According to ANOVA analysis and LSD post hoc analysis, Lactating women within 5-30days post-partum had significantly lower minerals intake and there were no significant differences of minerals intake among other lactation stages (Fig 2) . Considering living cities, lactating women in Guangzhou had a significant lower intake of Ca, K, Mg, Fe and Cu (Table 5 ). Lactating women who had a master or above degree education experience had a higher intake of Ca, K, Fe and Zn (P all<0.05).
Discussion
The requirements for minerals during lactation period are quantitatively greater than those during pregnancy and recommendation level for adults, therefore lactation poses a significant threat to maternal mineral homeostasis [14] . Previous studies reported a high prevalence of mineral deficiencies in lactating women, particularly in women with chronically low dietary minerals intakes [15] . The current study has supported and extended previous findings by demonstrating that Chinese women during lactation had an inappropriate food intake, and although the intake of some minerals has been improved, women still faced the nutrition problems of both insufficient and excessive intake of certain minerals. One of the most concerned nutrition problems in Chinese lactating women was the low intake of Ca. The average daily Ca intake by the studied population was only 512.6mg, which was slight higher than the result performed in the rural areas of China (493mg/d) [6] . However it was far lower than the studies in other countries [16, 17] . Diet with low intake of dairy products accounts for the inadequate intake of Ca. In this study, over 80% of women could not intake sufficient dairy products. When dietary Ca intake was insufficient, Ca supplement was encouraged during lactation [18] . However, in this study only 2.7% of Ca was from nutrient supplements or fortified foods. Actually, the requirement for Ca during lactation is greater than any other adult life periods. Metabolic adjustments may occur in lactation to ensure that Ca is conserved and channeled to the breast for milk production. We estimated that the daily excretion of Ca from breast-milk was around 200 mg (MING study reported the Ca concentration in breast milk was around 250mg/kg [19] , and infants of 0-8month old consumed around 0.8kg breast milk per day [20] ), which was a substantial proportion of dietary Ca intakes in this study. In addition, we also found a high intake of P with a high absorptivity (Most of P were in inorganic form). The high P intake may not only lead to hyperphosphatemia but also considerably affect the Ca absorption and result in osteodystrophy [8] . The previous studies showed a high dietary Ca/P ratio was positively related to bone mass density [9, 10] .The intake of Ca/P ratio in this study was only 0.41±0.26/1. The low intake of Ca/P ratio might aggravate the Ca deficiency in lactating women. In conclusion, an insufficient intake of dietary Ca without inclusion of Ca supplement, accompanied with a low Ca/P ratio, lactating women in studied cities might face a risk of Ca deficiency. Another nutrition concern in this studied population was the high Na intake with an insufficient intake of K. Na and K are important electrolytes for human body to maintain blood pressure, adjust extracellular fluid capacity and constitute extracellular fluid osmotic pressure. All of the hypernatremia, hyponatremia, hyperkalemia and hypokalemia can seriously affect human health [21] . This study indicated that the dietary Na/K ratio was 3.13±2.89/1. The similar ratio was reported in a study performed in Zhejiang province, China [22] . And in some Asian counties, like Korea, which also reported a high Na intake (around 4.7g/d), while K intake was higher than our finding (K intake was around 2.9g/d and the Na/K ratio was 1.7:1) [23] . The major dietary Na source in China was salt. Huang et al. reported that in Zhejiang province, China, there was 82% of Na from salt [22] . This study identified 97.1% of women daily intake salt over 6 g. The high ratio of Na and K in this study might imply a series of health consequences such as obesity, renal stones, osteoporosis and stomach cancer [24] .
The current study found the intakes of Fe and Zn in Chinese lactating women were improved. The intake amount of Fe and Zn were higher than the reported level in another study [6] . Considering the nutrient source, 25.3% of Fe was obtained from animal origin, which was also higher than the previous report (13.78% in Chinese adults) [25] . However, it's worth noting that studied Chinese lactating mothers still face the threat of insufficient intake of Fe and Zn, because of nearly half of the studied subjects intakes of Fe and Zn lower than EAR.
This study also indicated that women within 5-30days post-partum had a significant lower nutrients intake. This result might be due to the special Chinese ritual within 30days post-partum. Although the traditional Chinese diet in post-partum was believed can restore maternal post-partum health and prevent future disease [26] . And some of the certain food intake in post-partum like chicken soup was proved can improve nursing performance [5] . However this study revealed that traditional Chinese diet in post-partum might also lead threat to nutrition deficiencies. The diversity of food intake was also found among cities and women with different education experience. These results suggested nutritional education should be conducted to lactating women and should be in accordance with local food habit.
Limitation
Because of the cross-sectional design, inherent limitations of this study were unavoidable. And this survey was carried out through summer to winter. The seasonality in food consumption might exist, especially in northern city such as Beijing. However, we inferred this variation was very limited, because of all the participants were from urban areas and had good food diversity. For the methodology, one time 24 hours dietary recall was used in this study to measure the food intake and estimate the minerals intake levels on a daily basis. Although a three-days or seven-days dietary recall were better to measure the daily variance of food intake, one time of dietary recall used in this study can also present the daily minerals intake by lactating women, because of the food intake by Chinese lactating women were usually homogeneous by the food restriction of the traditional culture. In addition, although standard bowls, plates and spoons were used for helping quantification of food consumption, recall bias might still exist.
In this study we did not obtain blood or hair samples from participants, the nutrient deficiency rate in lactating women were unknown. In addition, whether the low intake of calcium will result in the bone calcium loss or not could not been known. Further studies will be still needed to explore the short term and long term effects of mineral intake on health of Chinese lactating women.
Conclusion
Based on the results in this study, multiple nutrition concerns were found in Chinese lactating women and might affect the maternal health and their offspring, especially for women in 5-30 post-partum. Several suggestions could be considered to improve maternal health: 1) Encourage women to intake adequate amount of dairy products on a daily basis (!300g, in most cases, be met by increasing milk consumption by 3-4 cup/day); 2) Add adequate amount of Ca supplements if diet is lack of Ca. 3) Reduce the salt used in cooking. 4) Encourage to eat more food rich in iron and zinc. An appropriate combination of interventions may be an ideal way to reach an overall nutrition improvement for Chinese lactating women.
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